Fifteen soil samples from the edge of a creek were investigated for alkylphenol polyethoxylate (APEO) degrading ability. Ten soil samples possessed PEG chain shortening activity and the other soil samples oxidized the terminal hydroxyl group to the corresponding carboxyl group. Colonies of APEO-degrading bacteria having slight morphological differences were isolated and the bacteria were grouped by MALDI-MS patterns, PCR-RFLP patterns, and sequence analysis of the gyrB gene. The isolates were divided into three groups by typing with the MALDI-MS pattern. PCR-RFLP analysis using 41f and 1066r primer sets and three kinds of restriction enzyme (AluI, HaeIII, HhaI) indicated that the isolates belonged to Pseudomonas sp., but all isolates gave the same RFLP pattern. Sequence analysis of gyrB gene divided the isolates into two groups. The grouping results by MALDI-MS spectra and gyrB sequence were identical and represent the APEO degrading ability of the isolates.
Introduction
Alkylphenol polyethoxylates (APEOs) are nonionic surfactants that are commonly used as car cleaners, laundry detergents, pesticide adjuvants, etc. It is known that APEOs emitted into the environment are degraded biologically to short polyethylene glycol (PEG) chain homologs, their corresponding carboxylic acids and alkylphenols (APs). [1] [2] [3] APEOs with a long PEG chain lack estrogenic activity, short chain homologs and APs, but, are known to have an estrogenic effect; therefore, the metabolites have received considerable attention due to their ability to disrupt the endocrine system. 4, 5) The authors investigated the distribution of APEO-degrading bacteria in a creek in Saga Prefecture where APEO might flow in the farming season, and forced selection pressure to enrich the degrading microorganisms. When we screen bacteria with a specific ability by the usual procedure, many colonies usually grow in the Petri dish and the colonies are selected according to their characteristic appearance. It is, however, difficult to carry out accurate screening only by such visual indexes, since many bacteria form similar colonies on the medium. Extensive time and effort are necessary to execute biochemical and genetic analysis for all isolates; therefore, a device is needed with high analysis and high-throughput ability to investigate all colonies. MALDI-MS is a promising candidate, since the device can analyze bacterial extracts rapidly with little preload. The authors measured MALDI-MS spectra in order to differentiate the isolates and evaluated the efficacy of the differentiation by comparing with genetic analysis.
Materials and Methods

Bacterial strains
The type strains of Pseudomonas putida (NBRC 14164), Pseudomonas putida (NBRC 100650) and Pseudomonas mendocina (NBRC 14162) were purchased from NBRC (National Institute of Technology and Evaluation, Biological Resource Center).
Sample origins, HPLC analysis, isolation and biodegradation test procedure
Fifteen soil samples were collected from the edge of a creek in Saga prefecture on 9th September 2006. Enrichment culture was started the next day using wet soil samples (5.0 g) and basal salt medium including 0.2% octylphenol polyethoxylate (OPEO) as the sole carbon source at 30°C. 5) After 25 days of static culture, an aliquot (50 ml) was transferred to a microtube and diluted 20 times with methanol. The solution was centrifuged (13,000 rpm, 5 min) and 10 ml of supernatant was used for HPLC analysis (Shimadzu LC-10A equipped with a Unison UK-C18 column (4.6ϫ250 mm). The aliquot of the enrichment culture solution after 28 days was diluted 1,000 times and the diluent was spread on the isolation agar medium. The colonies grown on the medium were randomly selected and individual colonies were re-isolated on the plate containing the same medium solidified with agar. The biodegradation test was also performed according to Nishio et al.
5)
MALDI-MS measurement of the enrichment culture medium
The enrichment culture medium diluted 20 times with methanol was centrifuged at 13,000 rpm for 5 min. The supernatant was mixed with an equal volume of matrix solution [2,5-dihydroxybenzoic acid (10 mg), sodium iodide (1 mg) in Milli Q water (1 ml)] and the mixture (1 ml) was applied to the sample plate of the MALDI-MS device (AXIMA CFR TM plus, Shimadzu Ltd., Kyoto, Japan). The instrument was operated in the reflectron and positive ion mode and was set to acquire mass spectral peaks with mass/charge ratios from 200 to 1,000 Da. N 2 -laser output was 337 nm with a 3-ns pulse width. The laser fired 100 times within each well in RASTER mode. Angiotensin II and a-cyano-4-hydroxycinnamic acid were used for calibration.
MALDI-MS measurement of bacterial extract
The isolates were incubated on LB medium for 16 hr at 30°C. Harvested bacteria were rinsed with MilliQ water twice and about 1 ml of wet bacteria was suspended in 10 ml matrix solution [sinapic acid (10 mg) and trifluoroacetic acid (1 mg) in 50% aqueous acetonitrile (1 ml)] and the mixture was vortexed for 30 sec. The supernatant (1.5 ml) was spotted onto the sample plate and allowed to dry. The instrument was operated in the linear and positive ion mode and was set to acquire mass spectral peaks with mass/charge ratios from 2000 to 20,000 Da. N 2 -laser output was 337 nm with a 3-ns pulse width. The laser fired 100 times within each well in RASTER mode. Standard mixture consisting of adrenocorticotropin (ACTH) and aldolase was used for calibration.
Typing by MALDI-MS spectra and the calculation method for peak similarity
The isolates could be grouped by their spectral patterns. Tentative standard strains (TSSs) were selected from each group and the top thirty peaks were extracted from each TSS spectram in the order of peak intensity. Then, the existence of the extracted peaks was verified for MALDI-MS spectra of other isolates that belonged to the same group and the existence ratio was defined as the peak similarity index. The same treatment was pursued among other TSSs belonging to other groups.
PCR amplification of 16S rDNA fragment and RFLP analysis
16S rDNA fragment was directly amplified from the bacterial lysate using 41f and 1066r primers and Ampdirect ® Plus (Shimadzu) according to the protocol. The primers were designed from the conserved region of the 16S rDNA sequence of E. coli, the forward primer (41f) was 5ЈGCTCAGATTGAAC-GCTGGCG3Ј, and the reverse primer (1066R) was 5ЈGTC-GAGCACAACACTTTACA3Ј. RFLP analysis was performed using three kinds of restriction enzyme, AluI, HaeIII, HhaI, according to Nishio et al. 5) The digested fragments were checked by PAGE.
PCR amplification and sequencing of gyrB
PCR amplification of the gyrB gene was performed using Ampdirect ® Plus (Shimadzu) according to the protocol. The primers were UP-1E 5ЈCAGGAAACAGCTATGACCAYGS-NGGNGGNAARTTYRA3Ј and APrU 5ЈTGTAAAACGAC-GGCCAGTGCNGGRTCYTTYTCYTGRCA3Ј, as reported by Yamamoto et al. 6) (N, any; R, A or G; S, C or G; Y, C or T; M, A or C) The sequences of the amplified products were determined by Shimadzu Genomic Research Center. Table 1 indicates the 15 sampling points of the soil samples and the degradation products in the enrichment culture media. Ten soil samples shortened the PEG side chain and the MALDI-MS spectrum of the enrichment culture medium of soil sample 1 is shown in Fig. 1 . Peaks of OPnEC (nϭ2-3) were detected along with peaks of OP1EO and OP2EO. Five other soil samples oxidized the terminal hydroxyl group to the corresponding carboxyl group, which were determined by MALDI-MS. It seems that APEO-degrading bacteria were distributed widely in soil samples from the edge of the creek.
Results and Discussion
Distribution of APEO-degrading bacteria in soil samples from the edge of a creek
grown on selection medium were collected without screening by visual indexes. The MALDI-MS spectra of the isolates were measured and the isolates were grouped by their mass spectral patterns. Although all isolates from soil sample 1 formed indistinguishable colonies on LB medium, they were grouped into three groups, A, B and C, as shown in Fig. 2 . Groups A, B, and C contained 22, 13 and 1 isolates, respectively. Tentative standard strains TSS-A-C that represented Groups A, B and C were selected from each group and their MALDI-MS spectra are indicated in Fig. 2 . This grouping, however, was not strict since it only depended on ambiguous visual images. Furthermore, the peak intensity of the MALDI-MS spectrum lacked quantitativity, and disagreements between the visual images and calculation results may occur occasionally. The validity of the grouping was verified by calculating the peak similarity index. Fig. 3 
APEO degrading activity of the isolates
Sixteen randomly selected isolates (11 isolates from Group A, 4 isolates from Group B and 1 isolate from Group C) were examined for their APEO degrading activity. Only the 11 isolates from Group A had PEG chain-shortening activity and OP2EO in the medium after 1-week incubation. This result supports the validity of the grouping by MALDI-MS spectra from the standpoint of physiological function of the isolates.
Grouping of the isolates by PCR-RFLP with 16S rDNA
PCR-RFLP analysis was performed according to Watanabe's protocol. 7) All isolates afforded the same RFLP pattern, as shown in Fig. 4 . Although the isolates were not grouped by this RFLP analysis, the RFLP pattern suggested that the isolates belonged to the Pseudomonas group.
Grouping and identification of the isolates by gyrB sequences
Sequence analysis was carried out using gyrB gene to verify the validity of the above results. Sixteen gyrB PCR-amplified products were obtained successfully from all isolates by using a primer set for Pseudomonas (UP-1E and APrU) 6) , since all isolates were deduced to be Pseudomonas by RFLP analysis. The sequence data of the PCR products were processed by the BLAST sequence analysis tool (http://blast. Genome.jp/). Table 2 indicates the sequence length, affiliation of the isolates and the similarity between the isolates and the closest standard bacteria. Isolates belonging to A group were classified as P. putida and the isolates in B and C groups as P. mendocina. Isolates in Group A were further classified into two substrains, P. putida NBRC 14671 and P. putida P-6, based on the homology of gyrB sequences with those of respective standard specimens. Fig. 5 indicates the phylogenetic tree that was constructed according to the gyrB sequences of the isolates and the type strains of P. putida and P. mendocina. All of the isolates in Group A were grouped into the same cluster, and were closely related to P. putida. As for the isolates of Groups B and C, although the positions of the isolates B-2 and C-1 were switched, the five isolates closely resembled P. mendocina, as shown in Fig. 5 and Table 2 ; therefore, it is possible to conclude that TSS-B and C belong to the same strain. In contrast, the peak similarity indexes of MALDI-MS spectra between the three Pseudomonas reference strains and TTS-A-C (Fig. 6) were generally low. Although the gyrB sequence homologies between P. putida (NBRC 100650) and TSS-A, and P. mendocina (NBRC 14162) and TSS-B, C were 94% and 93%, respectively, the similarity indexes between P. putida (NBRC 100650) and TSS-A, and P. mendocina (NBRC 14162) and TSS-B and TSS-C were only 26.7%, 41.6% and 23.3%, respectively. According to these results, we concluded that gyrB sequence analysis is essential for correct classification.
In conclusion, the MALDI-MS grouping method can be applied to various species of bacteria and discrimination by MALDI-MS is almost equal to that by sequence analysis using the gyrB gene. Moreover, the grouping result by MALDI-MS spectra reflected the OPEO degrading activity of the isolates well. These data suggest that analysis of a single representative isolate may be sufficient to characterize the biochemical properties of a set of bacterial isolates grouped by MALDI-MS spectra. Thus, this method can be a powerful approach to screen particular bacteria from the environment. 8) Rapid identification of bacteria will also be possible by constructing a MALDI-MS spectral database. 9, 10) Fig. 5. Phylogenetic tree of the isolates and reference strains based on gyrB sequences. Alignment and construction of the phylogenetic tree were performed with MAFFT version 6 (http://align.bmr. kyushu-u.ac.jp/mafft/online/server/). The tree was constructed using the neighbor-joining method. The bar indicates the genetic distance computed by the Jukes-Cantor model. Gyr B sequence of E. coli K-12 was used as an outgroup.
a) The isolates indicated in bold face are tentative standard strains. b) Gene bank accession number. 
